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The criteriafor establls~~ permissibleingestionof radioactive
/

falloutmaterialunderemergencycondition~for severalweeks followinga

nucleardetonationare dependentpr~ily on exposuresto the,

a. ~strointesttil

b. thyroidfrom the

tractfkom the gross fissionproductactivity,

iaotopeaof iodineand,

to the

c. bone, prticipany fr~ s#.ym, W89, ~140.~1400

1. Ibses to the GastrointestInalTract

The followingprticipalassumptio~ are used in calcuht”~ the doses

gastrointe6t~l tract of adults:

a. The calculatio~ are based on the methodscontainedin

referenceone.

b. The falloutmaterialis 90 percentinsoluble.(SeeIV. Discussion

below).

c. The activitydecay8accordingto the princi@leof (time)‘1”2.
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The energydeliveredis aU derivedfrom the beta emiaaions,

havinga mean energyof O.4 Mev when in the lowerlarge

Intestine. (SeeGraphOne)*

The totaldallyconsumptionof food and water is 2200 grams

or milliliters.

methodof calculationit?accordingto the folJowingequation:

(Totalnumberof disintegrations~curring in organ)(Energyof emissions)(8.0x1009)=
(lkssof Organ)

Dose (rids)(l)*

The numberof disintegrationstakingplaceh the or- may be cal-

culatedaccordingto equationtwo:
1.2 q.p

Totalnumberof disintegrations= 5% ~a A - ~4”3(2)
Where: %=

ta =

tb =

numberof disintegrationsper
unit time at time “a” after
detonation.

time “a” after detonation.

time “b” laterthan “a”.

One of the more useful

permissibleconcentrationsat

formsfor the criteriawould be in unitsof

time of intake. This till smewhat complicate

the calculations=incetheretill bea decreasein activityas the material

passesalongthe

accordingto the

gastrointestinaltract. When such calctitions are made

aboveassumptionsand equations,it may be seen that the

criticalorganis the lowerlarge ihtestineexceptfor the firsthours im-

mediatelyfollowingthe detonation. (!lkbleOne shows the relativedoses

* The rad is the unit of absorbeddose equalto 100 ergs per gram,

1.6iL04(ergs/~v)O.5(Proportionof totalenergy to gastrointestinaltract)
100 (erg6/gm-rad)

m 8.0 X 10-9
DOE ARCHIVES
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to partsof the gastrointestinaltnictas a i%nctlonof

GraphZ’Wo18 ba~edon the activityat the of ingestion

rad of dose to the lowerintestine.

I& example,GraphTwo showsthat if

ingestedon the 24th hourafter detonation,

time. ) Therefore,

h produceone

about48 microcuriesare

the lowerlarge i.nte6tlnemay

receiveone rad of radiation dose. his was calculatedIn the following

manner.

step 1. Iktermine the totalnumberof disintegrationsin the
lowerWge Intistinenecessaryto produce1.0 rad.

Fkom equation(1)

(Numberof disintegrations)(0.4)8.o x 10-9) = I
150

Numberof disintegrations= 4.7 x ld”

step 2. Determine he activityat time of intaketo produce
874.7 x d UsintegrationswIthinthe large intestine.

4.7 x MY . 5.2 ~ # dlsintegratioxwintakerequired (aasuming

l?hmo~g~tion (2) I* 8olubiMty).
*

5= x Id” = (5) (A37)(371”2)~7-0”2- 55-0”~ “

A37 Z 3.7 X @ d&r.

+4 = 6.2 X 109 djhr.

%4 E 47 pc

* If the time of intake is the 2hth hour, then the startof irra-
diationof the lowerlarge intestineia 24 + 13 = @h hour.

DOE ARCHIVI=

GraphTwo has been used in estimatingradiationdosesto the lower

large Intestinefor

lowl.ngcElculationB

prolongedperiodsof ingestion(TableTwo). The fol-

are illustrativefor the periodof 24th to the WOth

-3-
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hour (startof intakeat the beginningof the 2nd day after

a durationof four days).

step 1. XMermine the numberof microcurlesat time

detonation for

of ingestion
to produce1.0 rad to the lowerlarge intestine.

YYom GraphTuo take the mid point of intakeperiod (72ndhour)+31 PC.
(Thisis obviouslyan approximationsincethe exact timesof intake
duringthe four-dayperiodwill be unlumwn).

to the

step

31 =

2. Ikterminethe activityat time of intake.

equation(2)

544 241*2~-O.2

The fo2kwing

adult thyroid

a.

b.

c.

d.

e.

!Ihemethod

- 120 -0”7

220 mljday intake

pc/ldor gm

II. Ikmes to the !X@roid

principalassumptionsare used in calculatingthe doses

from intakeof activityfmm falloutmaterial:

The percentagesof the isotopesof iodinein mixedfission

productsare accordingto Hunterand Bal.lau.3

mean energyis 0.22 Mev.

thyroidweightis 20 grams.

percentagesof shorter~lived

(Seeti.Discussion

isotopesof iodine

Twentypercentof the ingested&31 reachesthe thyroid.

The

The

The

below)

that

reach the thyroidand thetidosesare accordingto reference

four.

of calculationof

pltbg that amountof Iniake

DOE ARCHIVES

dosesto the thyroidis illustratedby

of fissionproductsat the k8th hour
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to produce 1.0 rad.

Stey 1. &teZZUhe the dose rate on the day @ fi~e of 1131

to produce

D= JJ Where: D=
Ae R.

~e =

1.0 md to the thyroid.

dose (1.0rad)
doserate on Initialday
effectivedecayconstant(radiological
d biological) ,

1.0 : R
~

R = 0.09 ~dS/day

Step2. Determinethe numberof microcuriesof 1131to produce

0.09 rad/day

X(UC)(2.2X 106)(60X 24)(1.6X 10-6)(0.22) s O.@
(100)(20)

. X = 0.16 MC to th~oid

(0.16)(5)% 0.80 PC 1131 ~sted

Step 3. Btermine relativedosesfrom 1131~ ~hort

4accordingto Graph!lhree.

At &h hour, the relativecontributionto totaldose

131
trom I and IshOrtIS abut 1 .

~

Therefore,ingestionof 0.4 wc l?31 (eq~valent)at k.8thhour will

produce1.0 rads to thyroid.

Step 4. Iktermlnethe numberof microcuriesof fissionproducts

3?3~activity. At &hrewed to yieldthe required

hour; ~31 constitutesabout2.35$ of totalactivity.

Therefore,
DOE ARCHIV~

0.4 *
~ = 17 pc of fissionproducts.

-5-



GraphIbur shows the numberof microcuriesof

gestedat timesafter detonationto produce1.0 rad

III. Ikmet3to the Hones

The threeprincipalbone-seekingisotopesof

#9 140-J40
)anam . Evaluationof thesemay be

fissionproductsin-

to the thyroid.

concernare Sr90- yw,

rmde in terms of amount

depositedIn the bones versusmaximumpermissiblebody burdens,or in rads

of do8e that they deliverafterdeposition. Sincevaluesfor mximum per-

missiblebody burdensare based on the conceptthat thesewill be maintained

tideflnltelyIn the body, they are not so validfor Sr
89

and Ba140-La140

when consideringshortperiodsof emergencyintake.

The followingprincipalassumptionsare used In calculatingthe

dosesto the bones of adults:

‘-#, &89,~d ~140-~140a. The percentagesof the isotopesof Sr

In mixed fissionproductsare accordingto Hunterand Ballau.3

b. The

In the bones,

are according

percentages‘ofintakeof these

the energiesof emtssions,and

to referencefive - exceptfor

logicalhalf’life is used here.

c. The mass of the bones is 7,000grams.

The methodof calcuhtion of-dosesto the

89
computingthe dose from Sr from the intakeof

cussion below)of mixed fissionproductson the

isotopesthat are deposited

theireffectivehalf lives

Sr% wherea 27.7 year radio-

culationswere made for S>-Y~ and Ba140-La140

-6-
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bones is illustratedby

27 microcuries(SeeIV Dis-

120thhour. MJllllarcal-

and then the three doses



were ●dded for each intakeof filloutmaterial.

step 1. Ikterminethe Sr89 to reach the bone.

Accord3ngto reference4:

The Sr89 contentin mixed fissionproductson the 120thhour is 1.6%.

Accordingto reference5:

The intakeof Sr
89

Therefore:

(2’7)(0.016)(0.25)

Step 2. Iktermine

to reachto the bones is 25$.

= 0.108,to the bone.

the dose rate to the bones.

With an assumedeffectiveenergyof 0.55 Mev (reference5).

(00108)(2.2X 106)(60 X 24)(1.6X 106)(0.55)~ 4.3 X 104 rFd13/&ly
(loo) (7,000)

oJ 0.43 mil.lirads/day

step 3.

D total

D total

Determinetotal dose.

=& where: R = i~tial dose rate
he Ae = effectivedecay constant

= 0.43 g 32 millirads
0.0133

IV. Discussion

A. solubilit~ DOE ARC131V~

The volubilityof falloutmaterialvaries,dependingamongother factors

upon the surfaceover whichthe detonationoccurred. The falloutmaterial

colJectedin soil samplesat the NevadaTest Sitehas been quite insolu,le,

I.e. only a few percentin distilledwater

N HCI. However,it wouldbe e~ected that

and

the

roughly20-30 percentin 0,1

activityactuallypresentin

-7- /qo,



&Mdng watersupplleswouldbe prticipallyIn solubleform. The water

colJectedfra a well and a cisternon the Islandof Ronge3ap(lkbleThree)

about 21 monthsafterthe lkch 2, 1954 fallout,was found to have about

80 percentof the actlvltyin the filtrate,but therema an &da~

amountthat settled

●bout 10-20percent

h the event

to the bottom. Other data suggesttk nmterialto have been

solublein water.

contaminatedfood Is ingestedit is possiblethat the

totalactivlty--solubleand Insoluble--mayfind itsmy into the gastro-

intestinaltractsinceat times inmdiately followinga falloutmost of this

actlvity probablywouldcome fra the surfacecontaminantb ratherthan the

soil-plant-animalcycle. Theremay then follow Borne aolubillzingIn the

acid stomachwith subse~ent removalfrom the tractbeforereachingthe

lower largeIntestine.

It is assumedfor these calctitions that (a) 90f of the fallout

materialis tnsolublewhen computingdosesto the ~trointestimal tract,

and (b) that the isotopesof iodine,strontium,and bariumare all soluble

when computingdosesto the

probablyconservative,i.e.

exposures.

thyroidand to the bones. These assumptionsare

they may overesthate somewhatthe radiation

B. BiologicalSignificance. DOE ARCHIVES

After the estimationof radtitiondosesby any procedurethe fhal

step is an evaluatIon in terms of biologicaleffectBboth for shortand

long terms ●

-8-
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1. (kstroi.ntestinalTract

Therehave been few“experimentswherethe ~strointestinalt=ct

ha8 been exposedin a mannersimilarto the one asumed here. & one

exper~nt currentlyunderwayat tie MedicalCenterof the Oak Ridge

Znstituteof NuclearStudies,the dosimetryis belmg studiedin dog8

using Yittrium-go. The preliminarydata are in reasonableagreementwith

6
the mdel proposedin referenceone.

In anotherexperiment,7 rats were fed 1.0 to 6.0 miUlcuries of

Ylttrium-~ in a singlefeeding. Four of the 33 aninvaladied of adeno-

carcinomaof the colonand additionalanimalstied with acute and chronic

ulcerationof the colon. A secondgroup of rats was given0.46,0.20, or

0.06 mc of Y91 per feedingover a periodof threemonthswith totalac-

cumulatedanmuntsof 31.2, 15.6and 4.68 mc respectively.Six of the eight

anindi?at the two higherlevelsdied with carcinomaof the colonand no

malignancieswere observedat the lowestlevel. The authorsmade no

estimateof radiationdoses. ,

8
In another experiment,ratB

or para-aminopropriophenoneeither

700-1000roentgens. Four of the 21

intestinaltract (oneeach Jejunum,

were kept aliveby the

pre or post whole-body

DOE ARCHIVES
use of P rabiosis

irradiationof

mts developedtumorsalong the gastro-

ileum,duodenum,and colon),with four

additionalanimalsshowingtumorsin other organs. However,in comparing

gastrointestinalversuswhole-bodyirradiation,the questionhas been

raisedas to a possibleindirectcarcinogenicactionin the lattercase.9

By using faBt

percentageof

neutrons,lesserdoseshave been shownto produce

intestinalcarcinomasIn mice, but this is not so

-9-
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b the presentdiscussionof beta exposure.
10

one

thoughthe

summarizing statementof the short-termeffectsstated,‘---

gastrointestinaltract is one of the sensitivesy8temsto

fanizbg radiation,it also has a most renmrkableregenerativeand repara-

tive capacity. It takesdosesof well over a thousandroentgensto damage

the gut permanentlyin moat mumuah studied,and it Is cagableof rapid,.

*tic recoveryof anatomicaland fictional integritywith doses in the

lethalrange.
,,33

Evaluatingthe da- from dogs exposedto whole-bodyX-

radiatlonthe authorssaid, “---it is suggestedthat dosesof apprcucbately

1,100to 1,500r nmy representthe upper limitof the possibleefficacyof

sup~ive measuresIn the treatmentof the syndromeof acuteradiation

5mjury. With greaterdosesthe damageto the Intestinalmucosaap~ara

-parable

it has been

tract plays

and of an extentincompatiblewith llfe.“E At the same the,

repeatedlyindicatedthat the irradiationof the gastrolntest~l

a major role b grosswhole-bodyeffectsassociatedwiti radia-

tion syndrome . n, M!, 13, 14, 1~, M, 17, 18, 19, 20
b fact one author13

Summarizesseveralexperimentalflnd@p, “b producingacute ~test~l

radiationdeath, irradiationof any major portionof the etieriorizedsmall

Intestinealone is almostequivalentto whole-bodyirradiaticm---.”

Graph Five suggeststhe relativedosesto the parts of the gastro-

intestinalt~ct, from hge8tiOD of filloutmaterial.

p=rimentaldata does not permita conclusivestatement

effectsto be expectedfrom such ratiosof exposure8.

experimentsare relatedto the criterionof death,but

The availableex-

as to whole-body

kbst of these

they do Buggest

-1o- DOE ARCHIVU
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thatthe ~jor contributoryfictorto sucheffectssuchas nauseaand vomiting

asaoclatedwith whole-bodyexposuresof 100-200roentgem, nmy be the result

of the ~trointestinal reaction. Possiblya few hundredrads to the lower

IArgetitestinetogetherwith the concomitantlesserexposuresto the upper

largelnteBtlne,the small intestineand the Btomach (accordingto GraphFive)

-y bein the range where . r@iation sicknessmight OCCUr.

2. Tbroid

The studyand treatmentof disordersof the

radloiodinehas led to considerableImfomation on

to this organ. (Onlya ~ttal MBt of references

thyroidglandwith

doseBand thel.reffectB

~ ~tide )21,22,23, 24,

Uhereasthese treatmentshave been principallywith abnormal‘thyroids,much

of the informationmay be extrapolatedto normalthyroidsfor ihe purposes

Of this ~CUSSiOIJ. h additiontiereare other databaBed on norual

thyroidsin patientsBuffer@ suchailmentsas ccmgestin heart f’allure.26

The picturethat is clearly preBentedis that of the relative

Insensitivenessof the adulthuman thyroidto radiation. For e~le,

Freedberg,Kurland,and Herman,
26

report,“---seveadays after adminlstra-

tlan of 17 and 20 mllllcuriesof 1131,which delivered14,500ad 31,000

rep, respectively,to the thyroidgland,no histologicchangeswere noted

which couldbe attributedto 231 . --- Ihrteen and twenty-fourdays,

respectively,after administrationof 59 and 26 milllcuriesof 1131,marked

Cent- destructionof the thyroidglandwas noted..- -“ Sincethe first

two patientsexpiredseven daysafter administrationof the 1131 frcampul-

monaryedema,it does not ellminatetie possibilitythat the destructive

DOE ARCHIV~
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changes might have appearedin the ~oid if thesepatientshad survived.

However,the etidencefmm otherstudiesstronglyHcste that if any

pathologicaleffectswere to be notedin the thyroidafteran exposureof

some 10,000reps theywouldbe mtil. Likewise,the possibilityof serious

damageto otherorgansof the body, such as parathyroids and tracheawhich

-e simultaneouslyexposedto the 1131radiations,wouldbe exceedinglyama~.

On long term effects,two summarizingstatementsmay be made. “No

thyroidneoplasmwas foundwhich couldbe attributedto 931.26 after doses
)

to normalthyroidsrunningintomany tens of thousandsof reps and after

periodsof observationup to more than eight hundreddays. “Ina seriesof

over400 patientstreatedwith radioactiveiodineat the MassachusettsGeneral

Hospitalduringthe past ten yearsno known carcinoma

to this agenthas.developed. Definiteanswersto the

farmationmust await prolongedobservationof treated

1131was 10 millicuriesandaveragetreatientdcme of

of tie thyroidattributable

questionof carcinom

patients.” 23 Here the

of P30 25 mflllcuries.

However,significantlylesBerdosesmay be carcinogenicin children.27

It---Ithas been suggestedthat the human thyroidis lessradiosensitivethan

othertissues,suchas brme,sinceaftermany yearsof

diseasewith radioactiveiodine,no casesof result-

reported. The customarydosagesof I
131

in such cases

rep to the gland. On the otherhand, carcinom of the

trealxnentof Graves’

carcino.uehave been

yieldat least@OO

thyroidfound in

childrenand youngadultshas almostinvariablybeen precededby x-ray treatment

to the upperpart of the body, in anmnts such as to yieldas littleas 200 r

to the infantthyroid. It has been estimatedthat less than 3$ of such

DOE ARCHIV~
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treatedcasesyieldcarcinoma;nevertheless,the dEta suggestthat 200 r

IS a potentially carcinogenicdose to the Infkntthyroid. ~le tie pOBBI.

billtyexiststhat the carcinogenicactionmay be an Indirect,hormonalone,

it must ●tillbe recognizedthat this, like leukemia,is an instanceof

significantcarclnogenesisby ~e8B ~ 1000 rep. It seem likelythat the

infantthyroid1s undulysusceptible,but that the adult ~oid is not.---”28

Table Two lndlcates

to produceone nsd dose to

the

the

amountof lmgestedfissionproductactivity

lowerlars intestineand GraphIlve shows

the relativedosesto the @strointestl.naltractand the thyroid. It nmy

be seen that ingestionof a givenactivityon the fourthand fifth days

may resultin nearlytwo and one-halfthnes the dme to the ~oid as

to the lowerlargelntesttie. For a continuousconnmption of fallout

=terial from the flinthour to the 30th day the ratioof doses is about

1.7.

3*

It is recognizedthat the

and 90 are inthately associated

Rones

DOE ARCHr\~E,~
Intake and depositionof strontium-89

with the calciumin the diet. Whereas

It has been a.sBumedhere that a fixedpercentageof the strontiumIntake

is depositedin the bones (ReferenceIYve). It is realizedthat this

method involvesuncertatities,88 would the necessaryasnnnptionnto

general.lzefor a wide varietyof calcium--strontiumratiosand ln~es

-13-
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~ covermultiplecEitegorleB.k situatiom

appearto be the crittcsl

than consideredhere),it

evaluation.

criterion(suchas

wwuldbe necemary

tiequaldiBtrlbutia of

ThuB,the dottedline in Graph

largerdose to thoseregions.

where doses to the boneB

latertimesafter detonation

to -e ● more preclae

iBOtOpeBin the baneBhaB been observed.

Five lB included

Considerabledata have been co~ected on

cancera. One summarizingstatementthatplaces

@ StWC?Bt a poaBible

mdlation producedbone

this In properperspective

with the otherfactorBdiscuaBedabove 18 “---ViBibleC-S in the

ekeletunhave been reportidunly afterhundredsof rep were ●ccumulated

and tumom only after 1,500or more. #9 When one examinesGraphFive for

relativedoses,and review me da- on doses versus effects to the
-.

gastrointest~l tract8nd possiblychildren‘B thyroldfi (lkble~ur ), it “

wouldappearthat exposureto the bones is not the criticalfictorfor

Ingestionof filloutmaterialunder emergencyconditioaa,for tie first

few week8aftera detanatlon. ,

DOE ARCHIVES

Wble l%ur Bummr izes aonE Possiblebiological.effectsfhxn radia-

tion -=B. h tO iDhere~t UnCert8iIItieB fi Buch 8n81y’BeStogether

with expectedwide biologicalvariancesamong individuals,!LkbleJ%ur is

intendedonly to suggesta generalizedpictureof dnBesversuseffects.

The physicalcalculationsof radiationdosesmade above were for

-14-



adults. Pbr equal Intakesof radicactdvity,childrenprobablywould receive

highere~ures due to the smalleror-n mases, and in the case of bauesa

greaterdeposition wouldbe expected. JLIBO,thereis the possibilityof tumor

productionIn the thyroids.Of some childrenat relativelylow radiationex-

posures. It would appearwise thereforeto establlahlowerldmitsof Intake

of radioactivityfor c~dren.

c. Permissiblehtake

The precedingdiscussionattemptedto give estimatesof

doses remlting frcm Intakeaf falJoutnaterlal,togetherwith

radtatlon

smne possible

biologicaleffects. How much in-e is actuallypermitteddependsupon nmmy

factorsincludingthe essentialnessof the food and waterto Bustainlnglife,

and one’s phllaaphyof acceptablebiologicalrisksand damagein the fkce of

otherpas ible hazardssuch a.amass evacuation. !LkbleTwo and Graph Five give

eBtiJrEiteB of the amountof COn~ti~ in food and ~ter to produceCe~fi

radiationdoaea to the criticalorgans. Table~ Indicatespossiblebio-

logicaleffectsfrrxngivendoses. Using thesereference, comand deciBions

may be made as to permittedintdseof radicmctivlty. DOE ARCHIV~

Such evaluationsas attemptedhere are neceB8aryand valuablefor

P~ PurPoses~butonce the fimt OCCUrSthe emergencyof the Bituation

may precludeimmediateamlyafs of the food and water supplieB. Further,

abstainingfrom ingestionof foodand

couldnot be continuedindefinitely.

senserules are suggested:

waterbecauseit mightbe contaminated

Therefore,the followingthree common

-15-
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.

.

1. Reducethe use of cantsminatidfood and water to bare minimum

until adequatemonitoringcan be done;use firstany storedclearwater and

cannedor coveredfoods;va8h and scrubany contaminatedfindsand;

2. E the effectsof lack of food and waterbecomeacute,then u6e

whateverIs availablebut in as I.1.mtted

possibleselectwhat seemsto be of the

fmdntuffs; and

quantitiesas possible. Whenever

leastlikelycoatamhated water and/or

3* Sinceit is especiallydesirableto restrictthe intie of

ra~oactivity in children,give them firstpreferencefor fmd and water

havingthe lowestde~ee of contaminatio~

b an area of heavyfilloutone ~tter to consideris the relative

hazardsfram the external~ exposureversusInternaldosesfrom in-

gestionof the msterlal. (hhaktion is thoughtto contributeonly

rektive minor dosesunderthe conditionsdiscussedhere). The best

evidences on this point was the fhlloutthat occurredon the Rongelapese

in lkrch 1954. Thosein the highestexposuregroupreceived175 r whole-

body external_ exposureyet theirbody burdensof titernalemftters

30
were relatively10V (TbbleFive). Theseand otherdata suggestthat:

E the degreeof contamhation of an azzeaIs such that the

externalgammaexposurewcruldpermitnomal and continuousoccupancy

aftera fa13aut,the titernalhazardwouldnot deny it.

DOE ARCHIV~

This is based on such reasonableassumptionsof (a)about

50$ reductionof gamma exposurefrom out-of-doorsdosesafforded

by livinga part of each day in normalfamilydwellings,(b) washing

-16-
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and/orscrubbingcontaminatedfoods,and (c)excludlng-eas where

relativelyl.lttlefslloutoccurred,but intowhich-y be transported

highlycontadnatedf& and/orwater. After longerperiodsof t-

duringwhichthe gamm doseratea In an originallyhighlycontaminated

area have decreasedto acceptablelevels,it probablywouldbe

necessaryto evaluatethe residualcontaminationfor the bone seeking

radioiBotope8,eBpeclallyBtrontlum-90.

DOE ARCHIV~
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llELATIVEIK)SESTO GASTRO=ST~ ‘JTUiCT

FROM INGESTIONOF FALLo~ MATHR~

Time AfterDetonation

That ~Btlon Occurs

LLmltM

1st Hour Ca8e *
w—

1.0 1.0 1.0

1.3 0●71 0.49

0.26 0.054 0.03

o.& 0.063 0.03

*~ed on assumptia thatthere is no significantdecreasefi

activitydurx t- of passagethroughgaBtrointisti-1tract.
After a

Lower Iarge lhtestlne

Upperkg.e ~testine

Small.Wtestine

Stomach

week followinga

point of time h

detonationthe decrea8eIn activitybetwee~the nld-

lowerlargeintestti 1s.wlthln20$ of this condition.
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1

2

3

h

5

10

15

20

* a.

b.

TAME Tuo

3
(1: Hour) ?2&th How)

35 2.5 109

24 1.7 1.1

3.5 1.3 0.82

23 1.0 0.65

J’2 beg 0.57

9.2 ‘0.64 0.)40

7.8 0s3 0.33

7.5 0J19 0.29

i!

1.7

0.89

0.65

0.53

O*U

0.29

0.26

0.21

Start of lhtake
(~p after detonation)

5 10

l.b 1.1

0.81 0.62

0.56 o.~

0.L6 0033

0.39 0.28

0.25 0.17

0.21 oo13

0.18 0.11

s

1.1

0.57

0.11o

0.30

0.25

0.4

0.11

0.089

20

1.0

0s3

0.37

0.29

0.22

0.13

0.097

0.079

Activities computed at startor intakeperiod. ‘DOE ARCR1v@

Based on intakeof 220D millilitersor gram of -@r and fd.

per day for adults.
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TABLETHREE

CON.XNTRATIOWIN UA’IERON ISLANDS
AND Es71NAm GAMMA

TESATD+l,~~-

Rcm ela Island
(3.5=%%F=MW)

tication

Cistexn- RongelapIslanUs

a w

Opelnrelll w

cistern n

m w

8 n “’

cistern
(Withcollapsedroof)

KabelleIsland
(19 roentgem per hour)

Ground uater
..

lhiwetokIslsnd
(8.5roentgem per hour)

cistern

EnibukIsland
(1.3 roentgensper h-)

GrossFissionProduct
Actiti* (d/u#ml)

-50,000-75,000

- 2,000

.“ k

- 5.5

- 0.5

- 1*3

- &8

- 25
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Standing vater fran can, drm, etc.-lolJ
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DoBe

(Radm)

10,OOO

1,000

.

10(

* SPEclmc ORGANS
*

———.

Permanentor seriow
damge -- s~~l
threatened

TumorRodmtia

Immediate effectsm
m nauseaand vomit~

bor changesb
h=ucture

.

PotentWl carcimged
dose to thyroitiof f
percentof chU&en ●

●dolencentm

* Lessershortterm effectswould be expectedfrom the
same doseBdistributedin time,

hnes

!umorproduct-

Minor changesti
atructaue

1’OEARC?IW~

“! !4
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Radloisotopes

sr89

&uo

Rare earth group

1~1 (in thyroid)

mlo3

(#

F5.sldl.e material

TABU FTVE

MEAN BODY BURDEN OF ROIKIELAPESE

. .

EstimatedActivityat

1.6-22

0.3& -2.7

1.2

6elJ - 3L2

0.013

o*o19

o.o16 bgnl)

.

,

.


